Perceptual learning is an enhancement in discriminability of similar stimuli following experience with those stimuli. Here, we examined the efficacy of adding additional active training following a standard training session, compared with additional stimulus exposure in the absence of associated task performance. Mice were trained daily in an odor-discrimination task, and then, several hours later each day, received 1 of 3 different manipulations: 1) a second active-training session, 2) non-task-related odor exposure in the home cage, or 3) no second session. For homecage exposure, odorants were presented in small tubes that mice could sniff and investigate for a similar period of time as in the active discrimination task each day. The results demonstrate that daily home-cage exposure was equivalent to active odor training in supporting improved odor discrimination. Daily home-cage exposure to odorants that did not match those used in the active task did not improve learning, yielding outcomes similar to those obtained with no second session. Piriform cortical local field potential recordings revealed that both sampling in the active learning task and investigation in the home cage evoked similar beta band oscillatory activity. Together the results suggest that odor-discrimination learning can be significantly enhanced by addition of odor exposure outside of the active training task, potentially because of the robust activity evoked in the olfactory system by both exposure paradigms. They further suggest that odorant exposure alone could enhance or maintain odor-discrimination abilities in conditions associated with olfactory impairment, such as aging or dementia.
Introduction
Perceptual learning refers to long-lasting changes in perception and discriminability of sensory inputs because of experience (Gibson 1963 ). It has been described in all sensory systems (Fahle and Poggio 2001) . Although most sensory discrimination protocols involve explicit instrumental conditioning paradigms with reward or feedback for performance, recent evidence suggests that exposure to stimuli in the absence of associated task performance (nontask-related exposure) can also enhance discrimination (Seitz and Watanabe 2005; Mandairon et al. 2006a; Escanilla et al. 2008; Wright et al. 2010; Beste and Dinse 2013; Green et al. 2016) . For example, humans performing an active auditory frequency-discrimination task can improve their auditory discrimination abilities for those frequencies given sufficient training (Wright and Sabin 2007) . However, combining minimal active training, that in itself is insufficient to induce perceptual learning, with non-task-related exposure to those same frequencies as background stimulation while the subjects performed an unrelated written task, induced perceptual learning (Wright et al. 2010 ). Thus, non-task-related exposure to the tones facilitated auditory perceptual learning. Here, we compared the efficacy of non-task-related exposure and active training in inducing perceptual learning in the olfactory system.
In olfaction, both active conditioning and stimulus exposure without associated task performance can shape the anatomy and physiology of the olfactory system, as well as modify odor discrimination. Active perceptual training can yield enhanced olfactory acuity and odor discrimination in both humans (Rabin 1988 ) and rodents (Gheusi et al. 2000; Fletcher and Wilson 2002; Mandairon et al. 2006a ). This learning involves modifications throughout the olfactory pathway. Changes in physiology and/or anatomy induced by odor experience and learning have been demonstrated as early in the pathway as the olfactory sensory neuron input to the olfactory bulb (Kass et al. 2013) , as well as within the olfactory bulb (Fletcher and Wilson 2002; Alonso et al. 2006; Mandairon et al. 2008; Fletcher 2012) , within the piriform cortex (PCX) (Litaudon et al. 1997; Barnes et al. 2008; Chapuis and Wilson 2011) , and in the connectivity throughout a broader network beyond the olfactory system itself (Kay and Freeman 1998; Chapuis et al. 2009; Cohen et al. 2015) . The nature of these changes in circuit function can depend on the difficulty of the discrimination (Beshel et al. 2007; Chapuis and Wilson 2011) , the specific task involved (Chapuis et al. 2009; Chen et al. 2011; Frederick et al. 2011; Martin and Ravel 2014; Frederick et al. 2016) , and the duration of the discrimination memory (Chapuis and Wilson 2011; Saar et al. 2012) . Likewise, non-task-related odor exposure can improve odor discrimination (Mandairon et al. 2006a (Mandairon et al. , 2006b Escanilla et al. 2008) as well as modify olfactory sensory neuron activity (Kass et al. 2016) , olfactory bulb evoked activity (Buonviso and Chaput 2000; Fletcher and Wilson 2003; Mandairon et al. 2008 Mandairon et al. , 2018 Ross and Fletcher 2018) , and PCX cortical singleunit receptive fields (Wilson 2003 (Wilson , 2010 .
Given that both non-task-related exposure and active conditioning can produce neural and behavioral changes, here we explored the relative efficacy of these 2 different forms of olfactory experience. Specifically, we were interested in 1) whether non-task-related exposure induced the same magnitude of perceptual learning as odor-reward association, 2) whether changes in active odor-discrimination performance that were induced by non-task-related odor exploration were selective to the non-task-related experienced odor, and 3) whether non-task-related odor exploration activated the PCX as strongly as odor sampling during active training. To address these questions, we quantified the value of similar temporal periods of non-task-related odor exposure and active instrumental conditioning on odor-discrimination behavior and piriform cortical activity. Mice were initially trained in an odor-discrimination task, allowing acquisition of the procedural learning component of the task. They were then transferred to a new odor pair. During this second phase, one group completed a single active training session each day; a second group completed 2 active sessions each day, separated by several hours; and a third group completed 1 active session followed by 1 non-task-related odor exposure session each day, again separated by several hours. The non-task-related exposure was provided by placing scented tubes in the home cage each day for a similar duration as the daily active training session. Animals were free to investigate the odor tubes in their home cages.
We demonstrate that, at least when provided several hours after an active-training session, non-task-related odor exposure sessions are as effective as additional active-training sessions in enhancing odor discrimination. This enhancement requires that the non-task-related odorants match those used in the active session, even when there are far fewer detectable investigations of the odors during the non-taskrelated exposure periods compared with the number of trials initiated during active training. Furthermore, stimulus-induced PCX local field potential (LFP) beta band oscillations are as robust during brief periods of non-task-related exposure as during odor sampling in the instrumental task. The similar olfactory system activation during both active and non-task-related odor exposure may underlie the effectiveness of non-task-related exposure to enhance odor discrimination.
Material and methods

Subjects
Subjects (n = 94) were B6SJLF1/J adult male (61%) and female (39%) mice from Jackson Laboratory. Animals were singly housed in polypropylene cages. All handling, housing, and experimental procedures were approved by, and performed in accordance with, the Nathan Kline Institutional Animal Care and Use Committee guidelines at Nathan S. Kline Institute as well as National Institutes of Health guidelines for the proper treatment of animals. Food was available ad lib and water was available ad lib on weekends. On training days, 5 days/week, access to water was restricted to that consumed during the training and an additional 140-180 µL of water following training. Body weight and grooming state were monitored throughout the training regime to ensure health status.
Behavioral training
All animals were trained on a Go-Left, Go-Right odor-discrimination task, denoted the "active task". For each session, mice were placed in a computer-controlled operant chamber (Voluntis, Inc) with 3 infrared-monitored nose ports in the rear wall (exterior: 7′′ × 6′′ × 5′′; interior: 4.75′′ × 4.75′′ × 4.25′′). The center port was connected to a multichannel olfactometer that delivered odorants on entry of the mouse's nose into the port. The 2 other ports were reward ports that delivered a water droplet (approximately 20 µL) depending on which of two odors was presented (left port for odor A, right port for odor B). For each trial, mice were required to hold in the center port for 0.4 before exiting to choose a reward port. The mice had a maximum of 3 s to make a choice. All trials were self-initiated. Trials for which the animal either did not hold for a sufficient time in the center, sample port, or failed to make a choice in the allotted time were not included in the analysis of correct trail proportion.
Procedure
Initial active training for all mice was with a vanilla-peppermint odor pair for 30 min per session. After successfully mastering this discrimination (>80% correct), the mice were switched to a new odor pair, marking the onset of the collection of the data presented here.
In Experiment 1, animals were randomly divided into 3 groups: 1) a single active-training session per day, 2) 2 active-training sessions per day with 4-5 h between sessions, or 3) a single active-training session per day and 20 min of non-task-related exposure at least 4 h later. Each active-training session was terminated after 30 min or 60 valid trials (whichever came first). Non-task-related exposure was performed by placing 10 µL of each of the 2 odorants used in the active-training task on separate quarter pieces of Kimwipe in separate microfuge tubes drilled with holes for odor release. The two tubes were placed in the home cages, in diagonally opposite corners, to allow the mice to freely explore and sniff them. During non-taskrelated exposure all items except bedding were removed from the cages to prevent odor contamination, and the cages were physically isolated from the cages of the other groups to avoid incidental odor exposure between cages. During the non-task-related exposure the animals were not required to perform specific behaviors. They were exposed to the odors when they investigated the tubes and potentially at other times during the exposure period as well.
Two different sets of odorants were used in different animals ( Figure 1 ), with the same 2 odorants used during both the activetraining task and the non-task-related exposure. For some animals, the odorants were ethyl valerate (vapor pressure = 4.74 mm Hg) and ethyl butyrate (14.0 mm Hg) ( Figure 1 , top row). For other animals the odorants were 2 different ratios of a binary mixture of ethyl isobutyrate (40 mm Hg) and ethyl maltol (0.00022 mm Hg) ( Figure  1 , second row). Mixture 1 was a 30:70 ratio of ethyl isobutyrate and ethyl maltol, which has been demonstrated to be perceived configurally (Le Berre et al. 2008) . Mixture 2 was a 70:30 ratio of ethyl isobutyrate and ethyl maltol, which has been demonstrated to be perceived elementally (Le Berre et al. 2008) . To create the mixtures, component stock solutions were made with 100 mg of ethyl maltol diluted in 10 mL of 100% ethanol, and 100.5 mg of ethyl isobutyrate diluted in 10 mL of 100% ethanol. The 30:70 ratio was then created by mixing 7.5 µL ethyl isobutyrate stock and 17.5 µL ethyl maltol stock in 25 mL dH 2 O. Likewise, the 70:30 ratio was created by mixing 37.5 µL of ethyl isobutyrate stock and 17.5 µL of ethyl maltol stock in 25 mL H 2 O. Mice learned to discriminate both the esters and the binary mixtures at the same rates (data not shown), and thus the data from the 2 odorant sets are combined.
All animals received 17-20 days of training. Animals that failed to achieve above 60% correct during the course of training were not included in the final analyses (30 of 55 reached criterion across all groups). The reported data are based on n = 11 in the 1 activesession group (11 of 16 reached criterion), n = 11 in the 2 activesessions group (11 of 20 reached criterion), and n = 8 in the 1-session plus non-task-related-exposure group (8 of 19 reached criterion).
In Experiment 2, animals were randomly divided into 3 groups: Each received a single active-training session per day and 20 min of non-task-related exposure 4-6 h later with 1) the same odors as used in the active-training task, 2) different odors, or 3) no odors ( Figures  1 and 2A) . The active-training and non-task-related exposure sessions were performed as described for Experiment 1. For all groups, the active-training odorants were ethyl-valerate and ethyl-butyrate. For the Same-Odors Group, the non-task-related odors were the same 2 odors as used in active training: ethyl-valerate and ethyl-butyrate ( Figure 1, third row) . For the Different-Odors Group the non-taskrelated odors differed from the active odors: limonene (1.98 mm Hg) and 1-pentanol (2.2 mm Hg) (Figure 1, bottom row) . For the No-Odors Group, the odor tubes were empty (plain Kimwipes). All animals received 20 days of training. Animals that failed to achieve above 60% correct during the course of training were not included in the final analyses (23 of 35 reached criterion across all groups). The reported data are based on n = 8 in the Same-Odors group (8 of 15 reached criterion), n = 9 in the Different-Odors group (9 of 11 reached criterion), and n = 6 in the No-Odors group (6 of 9 reached criterion).
Behavior directed toward the odorants in the active-training and non-task-related sessions was quantified during Experiment 2 over the first 10 days of training. The temporal structure of self-initiated trials during the active-training sessions and of self-initiated investigation of the odorant tubes during the non-task-related sessions was quantified by counting the number of events (trials or nose contacts to the tubes) per minute for animals in each group.
Finally, LFPs ( Figure 2B ) were recorded in the PCX of a subset of animals (n 7) used in Experiment 2. These animals were originally trained with 1 active-training session and 1 matching non-task-related session per day, and now continued that training for an additional 10 days with odorants to which they had not been previously exposed (limonene and 1-pentanol). As a control for the prior odor training, an additional 4 naive mice were also recorded from during their first exposure to non-task-related odor in the home cage. Odorant/investigation-evoked activity was assessed with fast Fourier transforms (FFTs) of LFP oscillations relative to baseline (a period of at least 30 s Figure 1 . Odorants used in the main experiments reported here. Unless otherwise noted, odorants were used at 100 ppm based on vapor pressure. In Experiment 1, animals were trained in the active-training task with the same set of odorants as were used for the non-task-related exposure in the home cage. Some animals were trained with ethyl esters and some with binary mixtures varying in concentration ratio. Results from the 2 odorant sets were combined for analyses.
without trial or investigation initiation) ( Figure 2C ). FFTs were initiated at the onsets of active-training trials, and of periods of non-taskrelated investigation, and extended over 500 ms. Although the mice undergoing training were still performing under criterion at the end of the 10 daily sessions, this period included the most active investigation of the odorant tubes in the home cage and thus allowed the most reliable measure of LFP activity in both conditions. At least 4 days prior to the recorded conditioning sessions, mice were implanted with a telemetry device (model ETA-F10; DSI) connected to a stainless-steel electrode (125 µm) implanted in the anterior PCX. The operant chamber and home cages were placed on top of the telemetry receiver during sessions. Data were acquired at 1 kHz and analyzed with FFT (2 Hz bins) in Spike 2 software (CED, Inc).
All data were analyzed with ANOVA and then with Fisher's post hoc tests where appropriate. Statistical significance was set at P < 0.05. Normality of the data distributions was confirmed with D'Agostino-Pearson omnibus normality tests using Prism software.
Results
As expected, in Experiment 1, mice trained with 2 active-training sessions per day (ethyl valerate vs. ethyl butyrate or 70:30 vs. 30:70 ratio of ethyl isobutyrate + ethyl maltol) learned significantly faster than mice that received a single active-training session per day (Figure 3) . Importantly, however, mice that were trained with a single active-training session per day combined with a non-task-relatedexposure session learned comparably to the 2 active-training session mice. A 3 × 20 (group × day) repeated measures ANOVA revealed a significant main effect of day (F(19,380) = 14.22, P < 0.0001), no main effect of group (F(2,380) = 1.85, P = 0.18), and a significant group × day interaction (F(38,380) = 1.93, P = 0.0011). Fisher's post hoc tests revealed both the 2 active-training session and single activetraining session with non-task-related exposure groups performed significantly better than the single active-training session group, though the single-session group did ultimately reach the same level of proficiency ( Figure 3A) .
The data shown in Figure 3A are plotted by day, showing the mean performance for each day regardless of the number of training sessions per day. Replotting the data by session, with nontask-related sessions counted as a session but with no accuracy measure, shows that individual sessions in all groups, including non-task-related exposure sessions, were relatively equal in their contribution to performance acquisition ( Figure 3B ). For example, regressions of each group's session by session performance had nearly identical slopes (increment in performance per session; 2 active training, slope = 0.006; single active plus non-task-related session, slope = 0.006; single active training, slope = 0.008). This corresponds to a mean 0.6% improvement per session-active or non-task-related-in both the 2 active-training group and the single active-training plus non-task-related exposure session group. Thus, non-task-related home-cage exposure with odorants used in an active-training session facilitates active training odor learning to the same extent as a daily second active-training session.
The results of Experiment 2, as shown in Figure 4 , suggest that the benefits of non-task-related odorant exposure on active training (ethyl-valerate vs. ethyl-butyrate) require that the non-task-related odorants match the active-training odorants. Animals trained with the same odorants during active training and non-task-related exposure learned faster than animals receiving either a single active-training session per day with no non-task-related exposure or a single active-training session per day and non-task-related exposure to odorants that differed (limonene and 1-pentanol) from those in the active-training session. A repeated measures ANOVA (3 × 20; group × day) showed a main effect of day (F(20,540) = 10.18, P < 0.0001), no main effect of group (F(2,540) = 1.16, P = 0.33), and a significant group × day interaction (F(40,540) = 2.31, P < 0.0001). Fisher's post hoc tests revealed that although the active-training plus non-taskrelated odorant-mismatch group had an initial rapid rate of learning, in later sessions, the odorant-matched active-training plus non-taskrelated exposure-trained animals performed significantly better than both other groups. Furthermore, animals trained with mismatched odorants during active training and non-task-related exposure performed no differently than single active-training session per day trained animals.
We also compared the number of direct odorant exposures within daily sessions between the active-training and non-task-related exposure in Experiment 2 ( Figure 5 ). Direct odorant exposure (number of exposures per minute within a session) was far greater during active training than during non-task-related home-cage exposure ( Figure  5A ). In both cases, trials initiated and investigation events were highest during the first 5 min and then rapidly declined, though mice initiated more than 5 times the number of active-training trials within the operant sessions than direct investigation of the scented tubes during the non-task-related home-cage exposure sessions ( Figure 5B and C). Furthermore, there was no main effect of group on nontask-related home-cage odor investigation among animals exposed to odorants that matched the active-training session, odorants Mice trained with 2 active-training sessions per day (diamonds) or with 1 active-training session combined with non-task-related exposure to those same odorants in the home cage (triangles) learned significantly faster than mice trained with 1 active-training session per day (squares). Asterisks signify significant differences between double active-training sessions per day compared with single active-training sessions per day; #s signify significant differences between single active training plus non-task-related exposure compared with single active training alone. (B) The same data plotted by individual session, rather than by day. Mice in the single active-training session plus non-task-related exposure showed the same magnitude of improvement from session to session as the animals receiving 2 active-training sessions per day. The animals trained with 1 active-training session per day also improved at the same rate per session, though had fewer sessions. This figure is reproduced in color in the online version of the issue. in the active-training task over days of training in the 3 groups in Experiment 2. Mice trained with a single active-training session plus non-task-related exposure to the same odorants (squares) attained significantly better performance than mice trained with a single active-training session and exposed to mismatching odorants (diamonds) or to no non-task-related odorants at all (triangles). #s signify single plus mismatching odorants different from both other groups; asterisks signify single plus matching non-task-related odorants different from both other groups; ^ signifies single plus matching non-task-related odorants different from single plus mismatch only (post hoc Fisher's tests, P < 0.05). Error bars are ± SEM. This figure is reproduced in color in the online version of the issue.
that did not match the active-training session, or tubes that were not intentionally scented (data from Experiment 2: group × time repeated measures ANOVA; main effect of group F(2,513) = 0.03, P = 0.97; main effect of time within a session F(19,513) = 125.7, P < 0.0001). Although there was a significant group × time interaction (F(38,513) = 1.69, P = 0.007), this was due to mice investigating the matching odorants significantly less than either the mismatching odorants or the unscented tubes during the first minute of non-taskrelated home-cage exposure. The mean duration of an odor investigation event in the home cage did not significantly vary between groups, with an overall mean of 3.03 ± 0.18 s/investigation (data not shown). This suggests that relatively limited non-task-related odorant exposure is sufficient to facilitate odor learning.
Finally, we examined whether PCX LFP activity differed between home-cage non-task-related odorant exposure and active training. Did active training evoke a unique LFP response that was not detected during non-task-related odor exposure while in the home cage? Animals previously trained using the single active-training session plus non-task-related exposure protocol with one set of matching odorants were implanted for LFP telemetry, allowed to recover, and then trained using the same protocol but with a new set of odorants. Odorant exposure in both paradigms evoked beta band (15-35 Hz) oscillations in the PCX as previously reported (Lowry and Kay 2007; Kay and Beshel 2010) . Although non-task-related exposure sessions resulted in fewer direct odorant exposures than activetraining sessions (Figure 5 ), both types of exposure induced similar PCX beta band responses over the first 10 days of training ( Figure  6 ). Given that animals occasionally had strong recording artifacts, data were only analyzed from days 1, 5, and 10 on which all animals had useable data. A 2 × 3 (condition × day) ANOVA revealed no significant effect of exposure condition (active training vs. non-taskrelated exposure) on stimulus-evoked beta band power [main effect Figure 6 . Stimulus-evoked PCX LFP beta band power during odor sampling in the active-training task (active) (diamonds) and during tube investigation in the non-task-related home-cage exposure (non-task-related) (squares). Data from a separate group of naive mice that were not previously trained and were only exposed to the odors in their home cage is shown at Day 1 (triangle). Beta power is expressed as percent change from power during disengagement from the active-training task or during time not investigating the odorant tubes in the home cage. There was no significant difference in mean stimulus-evoked beta band power across days or stimulation paradigm. Error bars are ± SEM. This figure is reproduced in color in the online version of the issue. Mean number of investigations of non-task-related odor tubes in the home cage for mice exposed to the same odorants as in the active-training task (blue diamonds), mice exposed to odorants mismatched from the active-training odorants (rust squares) and mice exposed to unscented tubes (green triangles).
of condition F(1,41) = 0.023, P = 0.88] or of day [F(2,41) = 0.003, P = 0.99]. A separate group of 4 naive mice were recorded from only during their first exposures to non-task-related odor in the home cage and were not otherwise trained. Naive mice showed similar beta band activity during non-task-related odor exposure as the other two groups (Figure 6 ). This suggests that individual non-taskrelated odorant investigation events, even in otherwise naive mice, evoke PCX activity similar to that evoked by active training trials, potentially allowing circuit plasticity necessary for perceptual memory to occur in either condition.
Discussion
The present results extend previous work to show that, several hours after a daily active-training session, non-task-related exposure to odorants for the same duration as the active training is equivalent to a second active-training session per day. Both active training and nontask-related home-cage exposure generated a mean 0.6% improvement in performance per session ( Figure 3B ). This performance enhancement requires that the non-task-related exposed odorants match those used in the active-training task. This robust effect on perceptual learning occurred even though mice had far fewer investigative bouts per session with the odorant in the non-task-related sessions than in the active-training sessions, with the number of these bouts decreasing over time within each session. Importantly, activation of the PCX during either non-task-related exposure investigation or active-training trials was equivalent, as assessed with PCX LFP beta oscillations. This suggests that both odor sampling during active training and odor sampling in the home cage, even in naive animals, evoke cortical activity known to be important for odor memory (Kay et al. 2009 ). Together, the results suggest that olfactory perceptual learning in an odor-discrimination task can be enhanced by additional, non-task-related odorant exposure to the same extent as induced by additional active training.
Performance improvement in an odor-discrimination task involves at least 3 basic forms of learning. First, the animal must learn the procedures of the task; for example, that a trial begins with an odor-sampling behavior and that one odor signals to go to the right water-reward port and the other signals to go to the left waterreward port. Second, the animal must learn which odor is associated with which reward port. Finally (not necessarily in this order), the animal must learn to discriminate between the 2 odors, that is, perceptual learning. In the experiments here, animals were pretrained to learn the active-training task, then switched to a new odor pair for data collection. Given that non-task-related odor exposure in the home cage would not provide information about which reward port was associated with a specific odor, we hypothesize that the benefits of home-cage odor exposure are entirely related to olfactory perceptual learning. This non-task-related benefit could derive both from attention to, and investigation of, the odor tube, and from purely passive exposure when the animal is not investigating the odor tube Wright et al. 2010) .
Olfactory perceptual learning induced by active training has been associated with neural plasticity throughout the olfactory pathway, including changes in olfactory sensory neuron input to the olfactory bulb (Kass et al. 2013 ) as well as changes in odorant coding in both the olfactory bulb (Fletcher and Wilson 2002; Mandairon et al. 2018) and PCX (Calu et al. 2007; Chapuis and Wilson 2011; Wilson and Sullivan 2011) . The present demonstration that non-task-related home-cage odor exposure following an active training session the same day is as beneficial to perceptual learning as an additional active-training session raises the possibility that the improvements from these 2 different experiences arise from similar neural plasticity. For example, the results here indicate that home-cage odorant exposure, even in naive mice, evokes levels of beta oscillations in the PCX that are similar to those evoked by odor sampling in the activetraining task. Beta band LFP oscillations are a robust signature of learning-associated neural activity in the olfactory system following active training and can reflect bottom-up or top-down interactions between the olfactory bulb and PCX (Neville and Haberly 2003; Kay et al. 2009; Kay and Beshel 2010; Martin and Ravel 2014) . Therefore, in addition to reported changes in the structure and function of the olfactory bulb following non-task-related/passive odor exposure (Buonviso and Chaput 2000; Fletcher and Wilson 2003; Mandairon et al. 2008; Mandairon et al. 2018; Ross and Fletcher 2018) , the plasticity in the PCX induced by home-cage odorant exposure here may be just as effective in the development of experience-dependent odor-object coding as that induced during active training (Wilson and Sullivan 2011) . Future work will help isolate the importance of non-task-related exposure-induced changes in different regions of the olfactory system to supporting perceptual learning, and whether the same mechanisms are involved in perceptual learning driven by active training.
It should be emphasized that although described here as nontask-related stimulation, the odorant exposure in the home cage led to exploration of the scented tubes and other odor-oriented behaviors consistent with attention directed toward the stimuli. Attention has been hypothesized to play an important role in perceptual learning and in plasticity at multiple levels of the sensory pathway, in part because of the effects of attention-related neuromodulation of stimulus salience (Ahissar and Hochstein 1993; Treue 2003; Roelfsema et al. 2010; Mukai et al. 2011; Byers and Serences 2012; Rokem and Silver 2013; Kang et al. 2014b; Szpiro and Carrasco 2015; Carlson et al. 2018; Glennon et al. 2018) . For example, modulating attention through task demands (Mukai et al. 2011) , or directly enhancing noradrenergic (Glennon et al. 2018) or cholinergic (Kang et al. 2014a (Kang et al. , 2014b activity, normally associated with attention or stimulus saliency can improve perceptual learning. However, auditory stimuli presented as background during performance on an unrelated task, and thus presumably not entraining attention as in active training, can also facilitate perceptual learning (Wright et al. 2010 ). Further work is required to identify the role of attention toward the odorants in driving olfactory perceptual learning.
Finally, olfactory perceptual abilities that are commonly lost during aging and dementia (Doty et al. 1984; Murphy 1999) , among other pathologies (Doty 2017) , have been shown to improve with odor training (Haehner et al. 2013; Pekala et al. 2016; Leon and Woo 2018) . The ability of non-task-related exposure to sensory stimuli to facilitate perceptual learning could provide an excellent method to accelerate rehabilitation in olfaction and potentially in other sensory modalities as well (Wright et al. 2010; Beste and Dinse 2013; Wright et al. 2015) . 
